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Description 

Technical Field 

b This invention relates to acrylic block copolymers and a method of making the seme. 
Background Art 

Various methods of producing acrylic block copolymers are known, Aorylfo monomers which have been 
10 polymerized randomly by conventional thermal Initiation technique* to produce polymers which may be farmed 
Into films or sheets or used as protective coatings have bean known for many years* The inherent resistance 
of acrylic polymers Co oxidation endows films, sheets and coatings of such polymers with good aging and 
weatherablllty properties. The films for the most part are dear, making them suitable for certain optical appli- 
cations. Acrylic copolymers havB also been widely used In adhesive applications and In particular as pressure- 
13 sensitive adhesivns. The combination of monomere are, of course, diametrically different from those requked 
of acrylic copolymers that are to bo ueed to make fSma and protective coatings. 

It Is generally recognized that control of the polymerization to produces block copolymer Is desired in the 
production of useful copolymers. Control has not always been an easy task according to prior art methods. 

20 Disclosure of the Invention 

Ttia present invention provides acrylic block copolymer* and a method of making the same by utilization 
of an Inffarteraa a means of promoting, controlling and terminating polymerization of the copolymer. 

The term Nrtrfertei" refers to a chemical compound that has a combined function of being a free radical 
25 initiator, transfer agent, and terminator, the term "initerter" being a word for mod by the underlined portions of 
the terms Idsnttfying these functions. This farm and its use in a production of block copolymers Is well known, 
particularly because of the work of Takayuki Otsu of the Department of Applied Chemistry, Osaka City Uni- 
versity, Osaka, Japan. This work Is discussed, for example, In an article by Otsu et al entitled "Living Radical 
Polymarizationa in Homogeneous Solution by Using Organic Sulfides as Photoinifertare", Folvmer Bulletin. 7. 
90 45-50 (1982) and an article by Otsu etal entitled p Uving Mono- and Biradical Polymerizations in Homogeneous 
System Synthesis of A3 and ABA Type plock Copolymers". Polymer Bulletin, 11. 1 35-142 (1954), Despite the 
rather detailed description of making block copolymers according to such disclosures, there is no disclosure 
of making the type of acrylic block copolymers herein claimed. 

The present Invention provides tailor-made acrylic block copolymers. The control of t he polymerization pro- 
as Ylded by the inrferter technology permits "taloring" of the acrylic block copolymer so that a wide spectrum of 
physical properties can be introduced. Polymerization is accomplished by sequential polymerization steps. 

The acrylic block copolymers of the present invention generally have optical clarity and are resistant to 
oxidative and photochemical degradation. The acrylic block copolymers of the Invention can be used where 
conventional block copolymers are employed, for example to make shaped articles, sheet materials, and the 
do [ike. Marry of the sheets are clear polymeric films. The films ere also quite flexible win out being brittle and 
unexpectedly craze-resistant 

Specifically, the block copolymer te made by a method which has the following steps: 

(a) mixing (1) an inifertsr represented by the general formula l(T) n capable upon being subjected to an 
appropriate energy source of forming free radicals l(-) ft and nT> wherein n Is an Integer of at least 2, 1- la a 

45 highly reactive free radical capable of Initiating free radical polymerization, and T- to a less reactive free 
radical which is generally much less cape We of initiating free- radical polymerrzatlon than I- but will rejoin 
with K-) n a free radical polymer segment free radically polymerized with \{\ upon terrnmatbn of said 
energy source and (2) b first monomer charge selected from the group consisting of (I) acryHc monomer 
poiymenzabia to form an acrylic polymer block having a glass transition temperature of lass than 0°C and 

a? (li) monomer polymerizable to form a thermoplastic polymer block having a glass transition temperature 
of at least S0°C which Is free radically ootymerlzabls In the presence of l(.)h to form a f tsfr polymer block; 

(b) exposing the mixture of (a) to an energy source capable of forming free radicals and nT*; 

(c) maintaining the exposure of (b) until said first monomer charge polymerizes with to form a free 
radical polymer segment represented by the formula l(B ) n wherein B represents sold first polymer block 

65 formed of said first monomer charge; 

(d) terminating said exposure whereby to cause l(B-) n and nT- to combine to form a polymer represented 
by the formula l<BT)n; 

(e) mixing l(BT) n with a second monomer charge which Is the member of the group consleurtg of monomer 
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(i) and monomer (ii) which was not selected as caid firal monomer comprising monomer which ia free rad- 
ically polvmerizable in t her presence of l(B-) B to a second polymer bfock; 

(f) exposing J(BT) rt to an energy source capable of forming free radicate I(B-) n and nT-; 

(g) maintaining the exposure of (f) until seed second monomer charge polymeries with l(B-) n to form a 
3 free radical block copolymer segment represented by the formula l(BA-) n wherein Arapre&ents said second 

polymer block formed of said second monomer charge; and 

(h) terminating the exposure of (f) whereby I(BA*)„ and nT* combine to form a block copolyinerrepresented 
by the formula l(BAT) n . 

The block copolymer of the invention is an ABA type copolymer which can be represented by the general 
10 formula l(BAT)„ 
wherein 

I represents a radical derived from the free radical initiator l - of an iniferter of the formula l(T)n 
as previously defined; 

T represents a radical derived from the free radical terminator T- of kifferter 10% 
13 n is an integer of at least 2; 

B Is a ffrai polymer block selected from the the croup consisting of (I) a polymer block having a 
glass transition temperature of tess than 0°C and (U) a normally thermoplastic polymer block having a glass 
transition temperature of at least SQ 9 C\ and 

A is a second polymer block which is the member of the group consisting of polymer block (!) 
20 and polymer block (II) which was not selected as said first polymer block. 

The preferred block copolymers are those wherein n Is an integer of 2 to 12. most preferably 2 to 6. The 
weight ratio of acrylic poiymer block to thermoplastic polymer block in the copolymer is tram 5:95 to 40:60, 
preferably 10:90 to 30:70. 

Preferred block copolymers have an eiastomeric block which Is formed of monomer com prising from about 
25 75 to 100 percent by weight of at least one iiKmomeric acrylic or methacryllcackl eeterofa non-tertiaryalcohol, 
the alcohol having from 1 to 14 carbon atoms with the avarage numberof csibon atoms being 4fo 12. Preferred 
monomeric acrylic or meth acrylic acid ester Is selected from the group consisting of 2-butyi acrylate, Isooctyf 
acrylate, 2-ethylhexyl acrylate, 2-methylbutyl acrylate and n-butyl acrylate. 

The preferred monomeric material from which the thermoplastic polymer block is formed is selected from 
30 the group consisting of methyl methacryfate. porystyryfethyl methacrylato macromer, methyl methacrytate 
macro mer. acrylic acid, acrylonltrle, lsobornyl methacrylate, N-vtnyl pyrrol Id one, t- butyl methscrylste, isopro- 
pyf meihacrylats, and mixtures thereof. 

The preferred block copolymers according to the present invention Include those which may be represent- 
ed by the general formula 

35 

*i ff If 

where En 

Rl Ra- Rs and are» aliphatic, aromatic, or substituted aromatic moieties (preferably C 1-t eJh 
phatlc moieties), which can be the same or different and which do not substantially Interfere with the ability 
of l- to promote free radical polymerization or with T* to re combine with I- or a polymer free radical segment 
Including 

Y Is a linking group having a functionality of x+y which does not substantially Interfere with the 
ability of 1- to promote free radfca! polymerization or the ability of T- to recomblne with I- or a polymer free radical 
so segment Including end 

x and y are each Integers of at least 1 end the sum of x+y Is not more than 12. 
The most preferred block copolymers according to the Invention are those represented by the formuta 

ss 
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The most prof erred Inrfertera for producing the ABA block copolymers according to the present Invention 
ana selected from the group consisting of xylyfene bis (N,N-diethyJ dithtocarbamaba) and xylyfena bis (NT-car- 
10 bazolyl dfthiocwbamate). 

Best Mode for Carrying Out The Invention 

The acrylic monomer of the elastomeric block a* previously mentioned, is a monomelic acrylic or metha- 
« crytta acid ester of a non-tertiary aicoho!, sakJ alcohol having from 1 to 1 4- carbon atoms with th e average num- 
ber of carbon atoms being about 4-12. Examples of euch monomers include the esters of acrylic acid or me- 
Ihaorylioacid with non-tertiary alkyl alcohols such ae 1-butanol. 1-pentanol, 2-pentanot, 3-pentano/, 2-methyl- 
1-butanol, 1-methyl-1«butanoJ r 1 -methyl- 1-pentanof, 2-methyM-pentanol, 3-methyt-l-pentgnol, 2-ethyl-1- 
butanol, 3,6>trimethyl-1-hexarrol. 2-ethyl hexanot, 3-heptanoi, 2-octanol, 1-decanol, 1-dodecanol, and the 

20 like. Such monomelic acrylic cr methBcryllc esters are known in the art and many are commend ally available. 
The elastomeric block may Include ae a comonomer a mecromol ocular monomer, sometimes referred to 
as a ■mecromer 1 '. Such a monomer may also be Included In the thermoplastic polymer block as a comonomer. 
Such a monomer is a polymeric malarial having a copolymerfz&ble vinyl group with which the acrylic monomer 
and other monomer* (if more than one te used) wil oo polymerize under the polymerization conditions. 

25 The vfrryl -terminated polymeric monomers useful in the present Invention are known and may be prepared 
by the method disclosed by Husman &t S. U.S. Pat No. 4 l S54 t 324 d&scrtbes the preparation of the vinyl-ter- 
minated polymeric monomers. The moat preferred macromofecular monomers Include polystyryfethyi metria- 
crytete maaomer and poiymethyl methacryfate macromer. 

According to Husman. such monomers are known and may ba prepared by trie method disclosed by Mlk- 

$$ ovich et al as described in U.S. PaL Nos, 3,786,116 and 3,842,059. Ae disclosed therein, vinyl-terminated poly- 
meric monomer is prepared by anionic polymerization of a polymerizable monomer to form a living polymer. 
Such monomers Include those having an olaflnic group, such as the vfnyl-contalnlng compounds. Living poly- 
mars are conveniently prepared by contacting the monomer with an alkali metal hydrocarbon of aJkoxfde salt 
n the presence of an Inert organic diluent which dose not participate in or interfere with the polymerization 

35 process. Monomers which are susceptible to anionic polymerization ere well known. Illustrative spades Include 
vinyl aromatic compounds such as styrene. alpha- me thylstyrene. vlnyttoluene and its Isomers. Other mono- 
mers susceptible to anionic polymerization are also useful. 

The initiators for anionic polymerization maybe any of the alkali metal hy d roo ai bona of al koxide sa Its which 
produce a mono-functional IMng polymer, Le.. only one end of the polymer contains a reactive Ion, Such Inl- 

40 tiatore include the hydrocarbons of lithium, sodium or potassium, for example, having an Bifcyl radical containing 
up to 20 carbon atoms or more, and pref erabfy up to S carbon atoms. Illustrative alkali metal hydrocarbons in- 
clude ethytsodlurrii propyteodfcim, butyl potassium, octyf-potasaKjm. phenyls odium, ethyllfthlum. butylllthhjm, 
eeo-butylllthlum, IsobutytiRhtum, tertbu^lilthlum and 2-ethyfhexylltthlum. Seo-butyinthlum is the preferred Ini* 
tiator. 

49 The inert organic diluent utilized to facilities heat tmnsfer and adequate mixing of the initiator and monomer 
preferably is a hydrocarbon or an ether. Useful diluents Include saturated aliphatic and cydoaliphatlc hydro- 
carbons such aa nexane, heptane, octane, cycfohaxarie and the Ilea. In addition, aliphatic and cyclic other sol- 
vents may bo used, for example, dimethyl other, diethyl ether, and letrahydrorViran. 

The amount of Initiator usually dictates the molecular weight of the IMng polymer. If a smalt portion of Inl- 

so tiator isused, with respect to the amount of monomer, the molecular weight Of the Irving polymer will generally 
be (aiger than if a large portion of initiator is used. It is generally advisable to add Initiator dropwlse to the mono- 
mer until the persistence of the characteristic color of the organic anion Is observed, then the calculated 
amount of the Initiator ts added for the molecular weight desired. The preliminary dropwlse addition serves to 
destroy contaminants and thus permits better control of the polymerization. Generally, the Initiator concentra- 

55 tion can vary from about 0,01 to about 0.1 mole of active alkali metal per mole of monomer, or his her. Preferably, 
the concentration of the initiator will be from about 0,01 to about 0.04 mole of active alkali metal per mole of 



The temperature of the polymerization will depend upon the monomer. Generally, the reaction can be car- 



mo nomar. 



4 
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ried out at a temperature ranging from about -100°C. up to about 100*C. 

The anionic polymerization must be carried out under controlled conditions so as to exclude substances 
which destroy the Initiator or living anion. Water and oxygen must be excluded. The polymerization therefore 
is carried out under anhydrous conditions in an inert atmosphere such as nitrogen, helium or argon. 

5 The living polymers may be terminated in several ways. It is important, however, that conditions be selected 

to provide a quantitative termination free from side reactions. Under certain conditions the Iking polymeric 
anion may be allowed to react directly with halogen-containing terminating agents bo produce, for example, 
vinyl-terminated polymeric monomers. In many cases, however the polymeric anion is highly reactive and non- 
selective in its reaction with the terminating agent In addition to displacement of the halogen atom, it may 

to abstract hydrogen atoms or react with other functional groups present, Including the vinyl group Itself. Thb 
results In polymer chains which am non-functional or of unwanted functionality and molecular weight occa- 
sionally,, under these conditions, a vinyi-ierminated polymer may be attached by living anion and its function- 
ality destroyed. 

One means fa- overcoming the foregoing problem Is to render the living anion lass reactive, thus less sua- 

15 ceptlblo to aide reactions, by "capping" with a less reactive end group prior to actual termination. Examples 
of suitable 'capping agents" include lower eJkylene oxides such as ethylene end propylene oxide, and 1,1-di- 
phenyl-ethyiene. etc- A preferred capping agent Is ah eikylene oxide, such as ethylene oxide. The capping 
agant reacts with the living polymer, destroying its oxirane ring. The alkoxide anion then displaces th a halogen 
atom of the terminating agent selectively, leaving the vinyl group intact 

The capping reaction Is carried out quite son ply, as In the case of the terminating reaction, by adding the 
capping reaclantto the living polymer at the polymerization temperature. The reaction occurs Immediately. As 
in the case of the termination reaction, a slight molar excess of the capping reectantwith respect to the amount 
of initiator may be used The reaction occurs on a mote for mole basis. This reaction is described in Milkovfch, 
U.S. Pat No. 3342,059. According to U.S. PaL No. 3.342.059, reaction with the terminating agent provides 

25 (he desired vinyl-terminated polymeric monomer. 

A second method of termination, also useful for synthesis of the vinyl-terminated polymeric monomers, 
Involves capping the living anion performed as described previously, and the protonatlng the afcoxide kwi to 
produces hydroxyl-termlnated polymer. The hydroxy! group Is than allowed to react with a terminating agent 
containing an isocyanate group (Instead of a halogen atom) to produce the vinyl termination. Suitable termin- 

$9 ating agents for this reaction are Isocyanato aikyi acryietc3 and methacrytates having 1 to 4 carbon atoms in 
the alkyl group. The rrydroxyl and Isocyanato groups react to form a urethans linkage between the polymeric 
segment and the "monomeric" end group, intermediate protonation of the alkoxide is necessary to prevent un- 
wanted side reactions upon termination. 

Although U.S. Pat No. 3,786,116 teaches that the molecular weight distribution of the polymer chains of 

55 the vinyl-terminated rx^ymerrcmonomer prior to copccymereation must be narrow, Le., less than 1.1 polydis- 
perstry, it has been found that useful psa compositions according to the present invention may employ poly- 
meric monomer having a pcrydbparaity of up to about 3 without deleterious affects on the adhesive properties. 
These broader molecular weigh t distributions may be obtained by known variations In temperature of polymer- 
ization and the lithium alkali initiator used. 

40 The vinyl-terminated polymeric monomers useful in the present invention may also be prepared be free- 
radical polymerization (rather than anionic pcJymerkatlon). Known methods can be used to prepare aemi- 
taiachelic polymers using thermal Ires-radical initiators. An Illustrative method is described in Y. Yamashlta, 
K_ ito, H. MrzunO and H. Okada, Polymer Journal 14. 255-260 (19B2) and K. Ito, N. Ueami. and Y. Yamashlta, 
Macro molecules 13,216-221 (i960). These functional polymers can then be converted Into vtnyi-bsrmlnatBd 

4$ monomers using standard condensation chemistry, ring opening reactions, etc, Specifically, carboxyDc-acid 
terminated low molecular weight polystyrene can be prepared using 4.4'-*azobis-(4-cyanovalerIc acid) as an 
In [fetor and an acid-containing chain transfer agent such as H&-CH a -COOH. Tna semktelechelic polystyrene 
can then be vinyl terminated via, for example, ring opening of gtycldyl methacrytata. These vinyl-terminated 
polymers have a high pofydlspersity. 

so it should be understood that minor amounts of the monomer forming the B block, the monomer forming 
the A block, or both may be present as a homopolymerln the copolymer thermoplastic composition of the In- 
vention. Such minor amounts of homo polymer may be produced In an unwanted side reaction during poiymar- 
feation of the copolymer- Such amounts wHI typically be lees then 1 0 parts by weight of an homopolymer based 
upon 1 00 parts by weig ht of copolymer. 

SS The co polymerization of the lew T fl acrylic monomer, and tha high T 8 monomer to produce the thermo- 
plastic Mode copolymer Is by step-wise free radical polymerization. The low T 0 acrylic monomer is dissolved 
h a suitable Inert solvent if needed, and polymerized by a first free radical polymerization utilizing a suitable 
InlferteT as a free radical Initiator source, Generally, from about 0,01 to about 5 percent by weight of Inharter 

5 
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baaed upon the total weight of potymarfeabte composition is used. 

The iniferter ia caused to dissociate to form fined radicals by exposure to an appropriate energy source. 
The preferred InlTerter Is one which will dissociate upon exposure to a radiant energy source, most preferably 
fin ultraviolet radiant energy source, upon exposure to the energy source, the iniferter dissociates to form free 
6 radicals which promote frea radical pofynwizabonL Upon completion of the free radical polymerization of the 
first monomer charge, e,g„ the acrylic low T a monomer, the en ergy source Is discontinued to permit the free 
radically polymerized segments to recomblne with the terminator portion of the Iniferter to form polymer seg- 
ments. The second monomer charge Is then Introduced, which for example is polymertzablB to the high T a ther- 
moplastic polymer block, and the new mixture is exposed to the energy source to cause dissociation of the 
to terminator radical and free radical polymerization of the second monomer charge onto the first polymer seg- 
ment that now being the initiator of the second freo radical polymerization. Upon completion of polymerization 
of the second monomer charge, the energy source is terminated and the terminator portion of the Inner ter 
re combines with the high T Q thermoplastic polymer block to provide a block copolymer, 

The particular energy source and Kb h tensity are selected to result In dissociation of the Iniferter to free 

19 radicals. When employing a photoinJferter which will dissociate upon exposure to ultraviolet light radiation, an 
ultraviolet light source is utilized. The Intensity and rote of irradiation ere chosen to advanoe the polymerization 
at a reasonable rate without deteteriously affecting the polymer segment being produced. An ultraviolet light 
source having a wave length on the order of 300 to 400 ran spaced approximator/ 10 cm from the reactants 
to provide an exposure of 2 mw per square centimeter has been found to produce suitable results. Reaction 

2D times on the order of 2 to 60 hours have been found to be typical, depending upon the Intensity of the radfatton. 
with faster reaction times being observed at greater Intensities. 

The reactants and any solvent employed are charged Into an energy soured- transparent vessel and therein 
subjected to the energy source. If the energy source b ultraviolet tight radiation, a suitable ultraviolet light- 
transparent vessel is utilized. 

2B The react ran is preferably condu cted In a vessel with agitation to permit uniform exposure of the reactants 
to the energy source. While most of the reactions have been conducted by employing a batch process, ft is 
possible to utlize the same technology In a continuous polymerization operation. 

The reaction mixture may Include a suitable Inert solvent but It Is not necessary since some of the mono- 
merle materials are liquid themselves and may thus be charged Into the reaction vessel without utilization of 

a? a soWent 

The solvent, if utilized b the free radical polymerization, may be any substance which Is liquid m a tem- 
perature range of about to about 50 9 C, ie Substantially transparent to the energy source employed to 
permit dissociation of the Iniferter to form free radicals, is inert to the reactants and product, and will not other- 
wise adversely affect the reaction. Suitable solvents Include water, alkyl acetates such as ethyl acetate, al- 
as kanes such as haxane or heptane, and alcohols such as methyl alcohol, et hanol, ispropyl alcohol, and rnixtures 
of one or more of these, other solvent systems are useful. The amount of solvent is generally about 30 to 60 
percent by weight based on the total weight of the reactants and solvent In addition to solution polymerization 
herein described, the copolymerlzatlon may be carried out byotherweJl known techniques such as suspension, 
emulsion and bulc polymerization. 
40 The copolymer may. when necessary or de&irabfe, be blended with a compatible modifier In ordarto op- 
timize physical properties. The use of such modifiers Es common In the art For example, It may be desirable 
to include such materials as pigments, fillers, stabilizers, or various polymeric additives. 

The copolymers prepared in accordance with the present Invention areeasly shaped by -conventional tech- 
niques and equipment to produce shaped articles, sheet goods, or other useful shapes, 
•ft It should be noted that while the polymers of the present invent Ion have improvad toughness without sub- 
sequent cross-linking, if necessary, further solvent resistance and resistance to photochemical or oxidative 
forces may be obtained by cross-linking by employing radiant energy or chemlca] procedure©. 



Examples 

The following detailed description Includes exemplary preparations of ABA acrylic block copolymers In ac- 
cordance with the Invention. All parts and percentages In ths examples era by weight unless otherwise spe- 
cified. 

& Definitions of Terms 

The number-average molecular weight (M n ), and weight-average molecular weight (Mw), are well known 
mathematical descriptions of the molecular weight distribution of a polymer sample. 
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Each of the foregoing is a well known term used by polymer chemists and others. Further explanation of 
the derivation of these terms may be found in Experimental Methods in Polymer Chemistry. Wiley and Sona. 
1981, Chapter 3 entitled "Molecular Weight Averages*, pages 57-61. 

Hie block copolymers of tha present invention are described in a short-hand way depending upon the 
s monomer forming each block. For example, MMA-b-BA-b- MMA refers to a copolymer having block ("b") of poly- 
merized methyl msthacrylstB ("MMA") and a block of polymerized butyl ecrylate f BA"). For example. MMA- 
b-BA-b-M MA refers to an ABA block copolymer having two A (poly methyl methacryiate) blocks and a single B 
iradbJock (pdy-buEyf acfyiatft). 

10 Test Methods 

The test methods used to evaluate the block copolymers of the examples are industry standard tests. The 
test methods which characterize the polymers of this Invention are those which demonstrate Its molecular ar- 
chitecture, The gel permeation chromatography (GPC), Inherent viscosity (l.V.) modulus, percent elongation, 
15 and tensile strength measurement results have been obtained. The standard tests are described In detail In 
various publications of the American Society for Testing and Materials (ASTM), Philadelphia, Pa. The standard 
test methods are described In detail below. The reference source of each of the etandard test methods Is also 
given. 



20 Gel Permeation Chromatography 

The characterization of the molecular weight distribution of tha polymers has been by conventional gel 
permeation chromatography (GPC). 

A Hewlett-Packard Model 10843* high performance liquid chromatograph equipped with Styregel™ col- 
as umns was used. The system was calibrated using polystyrene standards. All molecular weight averages are 
polystyrene equivalent molecularweights. The moJecularwelghteveregesand potydispersiltos were calculated 
according to accepted practices. GPC test methods ere further explained In "Modern Size Exclusion Uquld 
Chromatography" Practice of Gel Permeation Chromatography. John Wiley and Sons, 1970. 

so Modulus - Elongation- Tena2a Measurements 

The mechanical properties of the toughened, non-brittle, thsmopiastic films formed from the m polymers 
oft his Invention were measured according to the procedures established by the American Standard Test Meth- 
ods CASTM) which can be found under the designations: D-412-B3. 'Rubber Properties In Tension" end D 

as 63BM-84. Tensile Properties of Plastics'. 

Preparation offlms for test purpose: Films were cast from solution upon a substrate which permitted sub* 
Jading the film to 1 S hours of drying in a vacuum oven at EO°C. The film thus formed was cut to standard dumb- 
bell shaped to provide test samples for insertion In the jaws of an Instron™ tensile test Instrument where K was 
tested under ambient conditions in a testing room controlled at 23*0 and a humidity of 50%. 

40 The prescribed dumbbell-shaped specimens were stretched at a constant rate to the breaking point The 
tensile strength a! break was recorded. The elongation was expressed a» a percentage of the original length. 
Trie modulus (Stiffness) and tensile strength were calculated based on tha fo lowing formulae where force" 
Is expressed in Newtons <N), linear dimensions In me tare and the modulus and tensile units are expressed as 
megaPascals (MPa). 

TensCo " Wldthx^h^ess 
Mfv4..i.Hk - Foroex Initial Length 

- WMthxThteknessx Final Length 



Inherent Viscosity Measurement 

The Inherent viscosity Is measured by conventional means using e Caruion-Fenske #50 viscometer In a 
6$ water bath controlled at 25°C !□ measure trie flow time of 10 ml of a polymer solution ((L2 g per decflfterpoJym&r 
in methyl ethyl ketone). The examples and comparative examples were run under identical conditions, it is 
the comparative values which are significant and absolute figures are not required. 
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Example 1 
MMA-b-BA-b-MMA 

5 A cylindrical react ton bottle waa charged with 36 grams of butyl acrylate (GA). 0.2 grama of xylyf ana bla 

(N.NJ-diethyf-cmhfocQrbamate) (XDC) and 21.3 grama of 9trtyt acetate. The mbcfure waa purged with nitrogen 
for 10 minutes before sealmg and placing the sealed bottle In a roller mechanism. The rotating, sealed bottle 
was exposed for 39 hours to ultraviolet radiation from Garter*! electric 15 watt black light lamp. At this point 
the ullravloleteource wae turned off, the reaction bottle waa unsealed then 65.6 grams of methyl methacryfate 

10 (MMA) and 21 .3 grams of ethyl ecela to were added to the polymgrfzed butyt acryfate, Purging for 1 0 minutes 
with nitrogen followed before the reaction bottle was re-sealed and placed in tha roller mechanism for furl her 
exposure to ultraviolet radiation which continued for 66 hours. The resulting Mblock copolymer aolution waa 
removed. Tha composition of the resultant polymer waa determined by NMR spectroscopic analysis. Athki 
film was caat and dried to be subjected to mechanical tests. Tha results of these taste are reported In Table I. 

is Example 1. 

Examples 2, 3, 4 and 5 

The procedure of Example 1 waa followed. The same monomers were charged but at different ratios and 
20 the exposure to ultraviolet and the amount of photolnferters was varied. The resulting range of molecular 
weights and Inherent viscosities show how modulus, elongation and tensile performance of tha toughened 
thermoplastic film can be altered. 



26 



Table X 

Segmented Tri block Copolymer* 
nMA-b-BA-b-MHA 



3Q 



40 





Composition 
BA/KMA 


Molecular 
weight 




performance 


Data 




I.V, 


netful us 

(HPa) 


Elonq. 
< *> . 


Tensile 


1 


35/65 


167,790 


0.71 


1 P 0S4 


4 


29.1 


2 


29/71 


162,345 




999 


5 


30.5 


3 


31/69 


100.869 




1,239 


7 


3d. 8 


4 


38/62 


109,189 


0,47 


738 


17 


24.2 


5 


30/70 


94,600 


0*48 


6S9 


21 


25.0 



Examples 6, 7. 8 and 9 

The preparation of these segmented triblock copolymers of 2-butyl eery I eta (2-BA) end methyl methacry- 
late (MM A} were carried out by the procedure described In Example 1 , The photolnlfortef was xylylerie Die (N,N 
dlethyt-dlthlocarbamaia) (XDC). Tha exposure to ultravrcJet radiation was In the same range. The results of 
tha mechanical teste performed on dried thin films of those copolymers cast from solvent are reported In Table 
II. 



50 
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Table iz 

Segmented Triblock Copolymers 
MIlA-b-2-SA-b-MMA 

Performance Data 



EX. 


2-BA/WMA 


Molecular 
Weight 


X.V. 
(dl/Q) 


Modulus 
(MP a) 


Elong, 
L%) 


Tensile 
(HPS) 


6 


35/62 


119,809 


0.55 


756 


25 


25.8 


7 


20/72 


111,564 


0.53 


1,080 


29 


24. S 


S 


35/65 


60,208 


0,75 


710 


21 


25.8 


9 


32/6 & 


70,785 


0*54 


842 


10 


29.9 



Comparative Examples of Random Thermoplastic Polymer by Thermal Technique 
BA/MMA 

20 

Example A 

A solution of monomers was prepared by charging 10 grams of butyl acrylete (DA) monomer; 90 grams of 
methyl methscrylatB (MMA) monomer; 0.3 orams of 2,2 , -«obls (Isobutyronltrllo) Initiator (commercially avail- 
2B able ae VAZO 64™) and 1 00 grams of ethyl acetate solvent to a reactor bottle. Tha charged bottle was purged 
With nitrogen to remove oxygen, then sealed and placed in a rotating water bath whars It was tumbled for 24 
hours at 60*C to complete conversion measured by nuclear magnetic resonance (NMR) technique. The result- 
ing random copolymer solution was removed from the reaction bottle. A thin film was cast and dried then sub- 
jected to mechanical tests. The results of these tests are reported to labia IQ. Example A. 

30 

Examples B and C 



The preparation of these random copolymers by conventional thermal techniques was carried out using 
the same procedure used to prepare Example A. The amount of the soft butyl acrylate (BA) monomer was 
ss raised from Initial 10 parte to 50 parts with the corresponding decrease from 90 parts of methyl methaerylate 
(MMA) to SO parts. The molecular weight ranges and the inherent viscosities varied due to tha conoitfone of 
polymerization, 



40 Table III 

Non-Segmented — Random Copolyuers 



45 



Performance Data 
Composition Molecular I.V. Hotiulus Elong. Tensile 
*y. BA/MHA Weight (dl/q> (KPa) (1) (MPa) 

A 10/90 147.583 0.61 1,657 3 60.1 

B 30/70 132,001 0.69 1,136 2*7 37.4 

C 50/50 108,375 0.76 439 183 11.8 



Table III shows the advantages of segmented copolymers of Tables I and II over the randorn» non-segmented, 
otherwise similar butyl acrytabe (BA) and methyl methaerylate (MMA) copolymers. Pot example, when the ran- 
S$ dom 30:70 BA:MMA of Table III is compared to the lower molecular weight (111,554) example 28:72 of Table 
II Its elongation of onry 2.7% Is In sharp contrast to almost 30% elongation of triWock MMA/2-BA/MMAof the 
invention. This ctearty demonstrates the effectiveness of imparting flexibility by having BAcontrfcutlng Its rub- 
ber properties In block-form which doas not significantly raduco the modulus. 

9 
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While this Invention has boot) described in connection with specific embodiments, il should be understood 
that it Is capable of further modification. The claims herein are Intended to cover those variations which one 
skilled In the art would recognize es the chemical equivalent of what has been described here. 



Claims 



1. A copolymer characterized by trie general formula ((BAT},, 

wherein 

10 I represent* the free radical Initiator portion of an Inlferter of the formula 1(7%; 

T represents (he termination portion of said inifeffer; 
n is an Integer of at least 2; 

B representeaf Irat polymer block selected from the group consisting of (t) en elastic acrylic polymer 
block having a glass transition temperatures of less than 0*C; and (II) a normally thermoplastic polymer 
15 block having A glass transition temperature of at least 50*C; and 

A represents e second polymer block selected from the group consisting of polymer block (I) and 
polymer block (ID which was not selected as said first polymer block 

the weight ratio of said acrylic polymer block to said thermoplastic block in said black copolymer 
being from 5:95 to 40:60. 

20 

2. The copolymer of claim 1 further characterized by said elastic acrylic polymer block being formed of a 
monomer comprising at least one monomeria acrylic ormethacrylic acid ester of a non-tertiary alcohol, 
said alcohol having from 1 to 14 carbon atoms with the average number of carbon atoms being 4 to 12. 

25 3. The copolymer ofciakn 2 further characterized by the selection of Mid monom 

acid ester from the group consisting of 2-bufyl acryfate, isooctyi acrylato, 2-ethythexyl eorylate, 2- me- 
thyl butyl acrylate, and N-butyf acryfate. 

4. The copolymer of claim 1 further characterized by the formation of said thermoplastic polymer block of 
monomer selected from the group consisting of methyl methacryiate, pdyslyrylethyl methacrylate mac- 
rcmer, methyl methacrylate macromer. acrylic acta, acrytonltrlle, Isoborny* methacrylate. N-vtnyl pyrrc- 
(idone, t- butyl methacrylate, ieopropyl methacrylste and mixtures thereof. 

5. The copolymer of claim 1 represented by the formula 



40 




wherein 

R1.R2.R3, end H4 are aliphatic or aromatic mo I atlas which can be the same or different and which 
do not substantially Interfere with the ability of I to promote free radical polymerization or with the ability 
of T- to rBcomblne with N or a polymer free radical segment Including I-; 

Yta slinking group havkigafunctbnalffyofx+ywhlQtidoes nrit substantially Interfere with the abil- 
ity of I- to promote free radical polymerization or ths ability of T- to recomblne with I- or a polymer free 
radical segment Including I-; and 

x and y are each integers of at least 1 and the sum of x+y ia not more than 12. 

6. The copolymer of daim 1 further characterized by the representetion try the tormule 



65 
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VisABCH, -^ V C B 2 BAS J-/ 

7. The copolymer of claim 1 further characterized by the selection of said Inlferterlrom the group consisting 
of xyfylene bta (N,N-diethyl dithtocarrjamafe) and xylyfene bis <N-earbazoiy( dlthiocarbamafe), 

fl- A sheet material further characterized by (^mprJatng the copolymer of clalrri 1. 

ft- A method of making a copolymer according to claim 1 further characterized by comprising the step* 

(a) mixing (1) an InWerter represented by the general formula l(13 ft capable upon being subjected Id an 
iS appropriate eneiyy soured^ n is an Integer of at least 2, 1- 

re a highly react rva free radical capable of initiating free radical porymerfzatfon, and T fft a less reactive 
free radical which la generally much lea* capable of initiating free radical polymerization then h butwOI 
rejoin with !(-)„ or a free radical polymer segment free radically poiymerfzad with J(-)„upon termination 
of said energy source and (2) a first monomer charge sefected from the group cortalating of (i) acrylic 
20 monomer polymerizable to form an acrylic polymer block having a glass transition temperature of less 

than 0°c and (JO monomer polymerizable to form a thermoplastic polymer block having a glasa tran- 
sition temperature of at feast 50*C which is free radically pdymarlzaWe in tha presence of l<-) n to form 
a first polymer block; 

(b) exposing the mature of (a) to an energy source capable of forming free radicals \(*)n &nd nT-; 

2S (c) maintaining the exposure of (b) until said first monomer charge polymerizes with !<■)„ to form a free 

radical porymersegment represented by the formuie 1(8^ wherein B represents said first polymer block 
formed of said first mononer charge; 

(d) termin atlng eatd exposure whereby to cause \{&>) n end nT- to combine to form a polymer represented 
by the formula \(BT)„; 

& (e) mixing i(3T) ft with a second monomer charge which Is the member of the group consisting of mono- 

mer (0 and monomer (II) which was not selected as said first monomer comprising monomer which Is 
free radically polymerizable In the presence of l<B.)„ to a second polymer Nock; 

(f) exposing |(BT7n to an energy source capable of forming free radicals l(B-)„ and nT-; 

(g) maintaining the exposure of (f) until said second monomer charge polymerizes with l{B^ to form 
^ a free radical block copolymer segment represented by the formula I(BA-)„ wherein A represents sakf 

second polymer block formed of said second monomer charge; and 

(h) terminating the exposure of (f) whereby KBA^ and nT- combine to form a block copolymer repre- 
sented by the formula t(BAT)ft. 

40 

Patents nspruche 

1. Copolymer, gekanroeichnet rfurch die angamelne Formal i(BA"T) I) , worin slnd: 
I der radikallsche StarttelJ elnes Iniferters der Formal IfT)^ ; 
45 T der Abbruchtell des Inffertere; 

n ganzzawig und mlndestefts zwel; 

B efn staler, aus ainer Gruppe ausgewahfter Polymerblock. welche Gruppe umfaOfc 

(0 eirton elastlschen Acrylpolymerblock mft einer GlasOberganflsternperalurvon wanfgerale 0 °C; 
und 

50 <h) sinen normalenwefse thermoplastlschen Polymarblock mit einar Gla&Qbergangstemperatur von 

mindesterrs 50 'C; und 

A eln zwalter, aua einer Gruppe ausgew&hlter Polyrmsrblock, welche Gruppe umfafit: Polymerblock 
(i) und Polymerblock (ii), welche verschieden von dem ersten Polymerblock ausgewfihlt warden. . 
wobei das Gewlchtsverhaltnis dsa Acryipolymerblockft zu dem thermoplastlBchan Polymerblock 
& 6:95 bis 40:60 belragt. 

2- Copolymer nach Anspruch 1. ferns rdadurch gekenniefchnet, dad der eJaetische Acrylpolymerblock aus 
elnem Monomer geblldet wind, das mlndesto ns elnen monomers n AcryV oder Methacrylaaureester elneo 

11 
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SS?r! s Ch diZ^ Ch 1 " ferne ' dadureh SBkennzetehnet daft dermonomera Acryf- oderMottacry^ 

metr*^*, N-Vhy^won. tert-BuWmetnacrytet ^pyi^th'^S^K^^ 
Copolymer nach Anspruch 1. dargesteUt durah die Formal 



| ( ^W-C-SABCH 2 ) X - Y - (CHaBAS-C-BT'' ) y 



worirt slnd: 

R,. R^undR, allphatlsdieoderaromattech^Qruppan. dleotelchoderverachJedenselnkon- 

nen una die nti wesentllchen nlcht die FfiWgjteit des r- zur Ffirderang dor Re- 
dlkalpdymensatlon Oder dio Fahieteitvor. T- zur Rekombinatlon mff |. odor ok 
^ "f" radikallsehBn Polyirrereeament. elnachllefltteh I-, beelntnichtlgeri; 

e™ verbindende Gruppamit einerFunktfonaliBi vonx+y. die im weeentifchen 
njcht d.e Fahlgkeit dee |. zur FSrderung dor Reditelpolymerfsafidn oder die FS- 
hlgkelt von T- zur RekantblnaUon mtt I- oderelnem radllcallBchan Pulymerefta- 
ment elnschllaQllch |., beelnHchtlgenj und 

*> y •If* 6 " 8 8 anM *>n mindesten* 1. wobei die Summe von x und y nlcht 

grofler ist ate 12. 

6. Copolymer naoh Ansprueh l.forneroekenrralchnetdurch die Daistellunamlt** Format 

Folfenmaterial, tamer dadurch pMcennzeichnei. daa es das Copolymer irtcri Anepruch 1 unfeBt 
e^TdS^ui^ nacb Anepruch 1. torner dadureh gekannzelchna, daft 

* • d " h °2 reaktIonsfaf "9 e9 Radiol, lichee elne Radltaipofymeriaation starten kZ. 
I/r^T' T^*! 63 "^'^ we,cfms ■"»«»•*'•« vlel wenlger in bar Lege £ 
6,na rted*alpcrfymerteert^ zu eterten ale L, aich jedoch bei Abschalten der^nannten E™,rgXZ 

£ *Z . ra(l,kal . sch * m ^ymeraeament. daa mlt !(.)„ etna Radltalpolymarlaatton elngegan- 
oen tet wiedarvereinigen kann und (2) elner ereten Monomereharoe. die aua derGruppe auaaewahTt 

( ST£ *T ~ 7°" US?"' 0 ' C zu badon und « P°*™nstert»ree Monomer, urn elnen 
thermoplasbacrien PolyrnerttlockmJteinerolasaberoanoswmperaturvon mfnoeeterawCzi. blden 
derm Anweeenhelt von l(-)n eir» RadlfcU polymerisation eingohan kann, urn einen ereten Pdymerblock 
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zxj bilden; 

SKST"" ^ MfeChl<nfl V ° n {a> a " eh ° r * dar LajJ a is,, Radfcala . a „nd „ T - 

radikallsehes Polyrturaaa/nantzi] Mden. walchaa diimh die Form* i^i „„l£i^^^f^ 

marzu Mden. VrtHches durch <f» Formal ){BT% raprasentiart wird; >nmn roir . 
*u£%^ ^ ( 2° m i' * in ° r artiten "^amharge. dla ai„ Vsrimterau* dar Grippe fat walaha 
^r^ 0 ™*^ Mo ™™M^<*° v^chladan von dam eraton ^n^rauS™ war 

^^"ST T 'I BT) " a " 0lmir Bwatarn^ dla In tier Uge tot. RadBcale IMl und nT- zu bBd 8 n- 



Ravandleatlona 



1. Un eopolymare, earectarha pa- la formula generala • 
l(BAT) n 
25 dans [squalls 

I nepr&anta la portion fornwnt nnrtfetaur do radfcaux |{bn» .fun inifartar da la formula /m - 
T repreaente la portion da termination da est toiler tar: 1 *" * 

n est un nombre entter egal a au molns 2 ; 

ao lim- aL^**^" premiwb,oe P° , * m ^ch^<Ja'»le groupe comprint (Dun bJoc polymere acry- 

* liquaelaat-qoaayantunatenparatiire da transition vltwuseda moins da 0°C. at (H) unt^ZZTr 

^ontthannop.astlque.ayart™ 

m <,M. U n9prta ^!rr 8 f C ° nd ? l<X;p0,ym6r9 - du group* consfflua pari* Woe polymer* 

^ .■ , ° n poW " dU b,OC P 0 '^ 0 acryllqua 9u bloc thermoplastlqus dew le copolymftro ee- 

35 quantiel slant da 5/85 8 40/60. h-~"h wpuijotibtb oe- 

Z 8UlVar,t la ™ en<JI catlon 1 . caiattertea en 0Utre er. ca que la blocporymare acryllque antique 

- d^^*s^ 

1 8uivan ' ^fdication 2, eametarfe* Gn outra parte chob, da Taster d'acldo ocryllque ou 

teted*2-ethylhexyleJ'ee^atade^n^thylbutylaetl , aci>latedaN-biity!a. ^ 

Copo^ma™ auhrant to ravandtoation 1. caradariaa an outra par la formation du bloc pTymsra tharmo- 
phtfMpe prfe.ta en iJbl.e^nt un monomer* chotei dans la 8 ro up8 compranant le malhaorytela da mat W*. 
ajntthacryla a de polystyrylethyte macnoman.. la methacrylato da matyle m B cr W n &re ? a dda acr yo™e 

Sad- ' 19 C£ t T y ' ate f' ,SOb0rny,e ' ,a N-v^pyr^lidona. ,a ^^nacrylata do ^uJSS?^ 
crylata d'isopropyte ot lours mAlanges. 

CopolymSro suivant Ja rovendk^tlort 1, repr^ednt6 par la formula 



45 



so 
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dens Jaqueile 

R l' 0t Sont des fr9smente *»llphaf iques ou arornatlquea qui peuvent fttro identlques ou 
durante et qui na nulsent pas sensfblement a la cepacia de l- a tavorfaer una porymertoatlon radteafalre 
ou a fa capacfte do T- de se ^combiner avec l- ou un segment a radicaux fibre* de rxrfyrnere induant I 

Y^ungroupadelialsonflyartundfonf^oniwlf^ctex+yquin^ 
da I- afavortser una pdymerteatlon radlcalalreaua te capadte de T- ase recomblnerevec |. ou unsenmerrt 
a radlcaux llbres de polymer* Incluant I* ;et * 

x et y sflnt chacun das nombres antlers egaux a au moJn* 1, la somme de x + y n'etant pas suoe- 
f ieure a 12. K 

Copor/rnare suPvant la revendlcanon 1. csrecterfae en outre an ce qu'll est represent* par la formula : 
^N-C-SASCH, BAS— C-N 



7. Copclymereaulvanlla ravendlcatlon 1 . caract6rls« en out™ par Is chobt dannlferterpnScM dans le grow bo 
comprenant du xylyJ6n&-6feKN,N.dMthylclithiocart>amatB) at du xylylano-bis-(l*«arbazolyldllhio«fba- 
mats). 

25 

3. Matlere an feuflle. cajecterteee en ce qu'tfle est constitute par la copolymer* de fa revendlcafon 1. 

0- Precede de preparation d'un copolymera autvant la revandteatfan 1, caracteriae en ca quU comprend las 
phases sulvantHs r 

^ (a) (a melange de (1) d"un mlferter mpresente par fa formula generals 1^ capable, lorsqu-J est soumJs 

a imo source <renergie approprSee r de former oes redfeaiix librae Ifo et nT, dans leaquels n eet un 
nombre enrfaregaJ a su main* 2. 1- est un radical libra tres react* capable d'amorcerune polymerisation 
radicateire, at T- est un radical libra moins reactff. qui eat generalemant baaucoup moina capable 
d'amorcer una polymerisation radicalalre qua I, male qui se jolnara a l(.) n ou a un segment da polymer* 

as aradlcaux Ifbrea, ayantateaoumfa a una polymerisation radtaalalre avec !(-)„ lore de Parrtt de la source 

d energle cite* et (2) una premiere charge monomers cnoteie dans le groups cempransnt (0 un mo- 
nomere acrylique polymfirfsable pour formerun bloc polymer* acrylfque ayant una temperature de tran- 
sition vitreuao Inf6rieufe a (TO. et (if) un monomers pofymarisabra pour former un bloc polymer* ther- 
mopJaetrqua ayant una temperature de trane toon vltreuee <Tau molne so*c et qui est susceptible (Tune 

40 poJymarlfiaeion radlcafafra en presence de \{\ pour former un premier bloc porymere ; 

(b) ['exposition du melange euhrant (a) a una aouice d^nergie capable da former das' radlcaux librae 
IQ„ et nT- ; 

(c) la malnuen de Texposition eufvant (b) jusqu*a ce que eerie premiere charge monomere poiymerfse 
avec !(•)„ pour former un segment de polymer© a radlcaux librae, represent par la formule l(B )h dans 

45 laqueJIe B represents Je premier bloc pofymsre forme de la premiere charge monomere susdila ; 

(d) Terret ou termlnalson de rexposltton prscrtee, de manlere a amener l(B.)„ et nT- a ee comblnar pour 
formerun porymare represents par la fbfmufo l(BT)p ; 

(e) (e melange da |(B7) n avec uneaeconde charge monomere qui est le membra dugroupe comprenant 
lo monomere (J) etle monomere (II). qui n*a pas ate choteJ en tant que premier monomere ot qui constste 

w en un monomers qui eat susceptible d'une polymerisation radfcalaira en presence de !(&■)„ pourformer 

un second bloc pdymere ; 

(f) Taxposltion de l(BT% a una source d'ensrgie capable de former des radicaux llbrea l(B.) n st nT- ; 

(g) le malnflen de I'exposrtlon sulvant (f) Jusqu'a ca que la seconds charge mo/iomere polymerise avec 
l(B.) n pourformer un segment de copolymers bJoc a radlcaux libms, rapnSaente par la formule l(BA-) Df 

£ dane fe q UB lle A rapresente la second btoc potymere prfdta, fbmie da Ja seconda oharge monomere ; 

et 

(h) rerrBt de 1'axposltion suivant (f) da manlera Sf ce que l(BA ) n et nT- sa comblnent pour former un 
copolymers bloc rapresente par la formule l(BAT)^ 

14 
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